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The Value of Unfulfilled Prophecies
Why try to predict the future? An obvious answer is that we want to prepare
for it, and we need time to make those preparations. A less obvious answer is
that we can change the future by predicting it. If present trends are clearly
leading to future problems, then we hope that prophesying the future will lead
to changes that will cause the prophecies to go unfulfilled. Rachel Carson's
book, Silent Spring, warned that continuing excessive use of pesticides would
harm or even eliminate nonpest species, including songbirds. Partly as a
consequence of her warning, the spring of the year in most places now is
filled with birdsong and is not silent.
Figure 1 elaborates on this idea in graphical form. The horizontal axis is a
time line, extending from the past (t-), to the present (to), and into the
future (t+). The vertical axis represents some measure of ecosystem integri-
ty: it could be the number of species or some of the newer measures that
system ecologists use, such as average food chain length. The upper line is
labelled "ideal state", but might also be called the "natural state" or
"undisturbed by humans". Note that this line varies naturally, in response to
such things as climate change, so that natural state at the present (point A)
is not exactly the same as it was in the past. However, we are not at point
A, but rather at a much lower state, point B, because of human alterations
(habitat loss, water pollution). If the recorded trend continues, we know
that the ecosystem will be even more degraded in the future (t+). By predict-
ing that degraded state, we hope to avoid it, but there are limits to what we
can change.
Limits to Change
Assuming that the public accepts our predictions and does not want to see them
fulfilled, there are several possible alternative outcomes, designated by the
branching lines (Figure 1). The upper limit, U, to what we can achieve is
determined by the human and economic resources we direct to the problem, the
state of our knowledge, and the present condition of the ecosystem. For
example, if several species have gone extinct, then there is no way we can
restore the number of species that would have existed in the absence of human
disturbance, no matter how much we spend. We may decide to spend less or
restoration science may advance at a slower pace, so that we achieve less, but
still fall within the lower limit (L) of what is considered socially desira-
ble.
The shaded area between U and L thus represents the range of alternatives that
are acceptable and achievable. If we simply hold on to what we have at
present (a horizontal line), we have preserved the resource. We may lose a
little (the line branches downward), but still come out ahead of what would
happen if we did nothing, thereby conserving the resource. Finally, we may
make the ecosystem better than it is at present (the line branches upward), so
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Figure 1. Representation of conservation, preservation, and restoration.
1.
that there is a net gain--we have restored the resource to some degree, if not
completely. In the case of the Upper Mississippi River we should think not
only of conserving or preserving the resource, but also of restoring it: e.g.,
adopting the positive goal of a net gain instead of the negative goal of no
net loss.
ECOLOGICAL AND SOCIAL BREAKPOINTS
Notice that the forecasted trend (Figure 1) is not just an extension of the
recorded trend, but that there are breakpoints. In contrast to the graph
however, where the line breaks upward, I feel that the line more often breaks
downward, so that things usually end up worse than predicted from a simple
straight-line extrapolation. For example, from 1958 to 1961 the backwaters in
the Illinois River deteriorated rapidly from clear, vegetated areas with high
diversity and density of fishes and heavy use by waterfowl to turbid, barren
basins (Sparks et al. 1990; Bellrose et al. 1979; Bellrose et al. 1983). An
ecological threshold for sediment loading was crossed, beyond which the eco-
system collapsed into a stable, degraded condition. In addition to the
threshold effect, it is likely that a lag effect also contributed to the
ecological breakpoint. Water levels had been kept artificially high in the
Illinois since 1900, first by diversion of water from Lake Michigan, then by a
combination of diversion and navigation dams. Therefore, the rapidly-deposit-
ing sediments were never dried and compacted as had occurred during summer
periods of low flow prior to 1900 (Bayley 1991). At first, the river and
backwaters accumulated these sediments with little noticeable change. Indeed,
for a time fishing opportunities increased because of the expansion of aquatic
habitat. Eventually however, the bottoms of the backwaters and lakes were
raised by sedimentation to the point where wind- and boat-generated waves
could easily resuspend the unconsolidated sediments. Since these thresholds
and lag effects were not known (and are still not known, in a quantitative
sense), the eventual ecological breakpoint was not predicted.
The example of the Illinois River is one of the best arguments for improved
understanding of cause-effect pathways in ecosystems, rather than reliance on
simple extrapolation of existing trends. It is also a warning that we cannot
assume that further increments in sediment suspension or wave wash, or further
decrements in the unleveed floodplain or in the flood pulse will have no
effect, simply because we have gotten away with similar increments and decre-
ments in the Mississippi in the past. The rate of filling of backwaters with
sediment in both the Illinois and Upper Mississippi rivers is predictable, but
potential ecological breakpoints are not, given our present state of knowl-
edge. The only certain prediction is that we are likely to experience some
unpleasant and sudden surprises.
Just as there are ecological breakpoints, there also are social breakpoints.
A social breakpoint is crossed when the esthetic beauty, public accessibility,
or supply of fish and game is so diminished that the public no longer uses the
resource or even conceives of it in terms of recreational value. Under these
conditions, there is little public impetus to restore or enhance the ecosys-
tem, as the McKnight Foundation discovered when they hosted town meetings
along the length of the Mississippi. Public interest in the Mississippi as a
recreational resource for local people diminished in the downstream direction,
where commercial use predominated (effluent disposal, industrial water supply,
transportation).
Ignorance of ecological breakpoints may cause us to underestimate the extent
of future degradation. Similarly, we may overestimate the interest of the
public in restoring some uses of an ecosystem once they are diminished or
lost. For both reasons, the Upper Mississippi River appears to be at a criti-
cal juncture: the same factors (erosion, sedimentation) that caused rapid
degradation of the Illinois River occur in the Mississippi, but have not yet
diminished the resource to the point where the public is apathetic or has
forgotten the recreational and esthetic values of the river.
THE VALUE OF THE UPPER MISSISSIPPI RIVER
Congress declared the Upper Mississippi River a "nationally significant eco-
system" as well as a national inland waterway. Is that statement anything
more than a political gambit to secure additional federal funds for the upper
Midwest? I maintain that it is, and furthermore, that the Mississippi is not
only nationally significant, but is an internationally significant ecosystem.
The Mississippi is one of the best-known natural features of the U.S. It is a
part of our literary and cultural heritage, the setting for the writings of
Mark Twain, the well-known musical, Showboat, and many other works. The
foreign visitors my wife and I have hosted usually list the Mississippi, the
Grand Canyon, and the Rocky Mountains as the natural features of the U.S. they
most want to see. Disney Corporation is a shrewd marketer of Americana to
both foreigners and U.S. citizens. Disney World in Orlando, Florida and
EuroDisney in France both offer rides on a "steamboat", from which you can see
recreations of scenes from 19th-century Hannibal, Missouri. In a separate
part of the Disney complex in Florida is River Country, where you can pay
money to ride on another simulated steamboat, paddle your own canoe, or drop
into the water from a rope swing--all in a Florida lake!
The real Mississippi is far more fascinating than the make-believe one in
Disney World, but for those who have grown up on the river or worked on it,
perhaps it has become too commonplace. If we step back from the river and
compare it to others worldwide, we find that truly large rivers are relatively
rare (Table 1). There are about 1.6 million headwater streams in the U.S.,
but only eight rivers with as many tributaries as the Columbia, and only one
Mississippi (Figure 2). Large rivers are rare, but the subset of large river-
floodplain ecosystems like the Mississippi is even rarer. A large river-
floodplain ecosystem is characterized by organisms that have adapted to ex-
ploit both the regular, long-lasting floods and the low flows that
characterize these systems (Junk, Bayley and Sparks 1989). Biological
productivity is increased, relative to less dynamic systems (Bayley 1991). A
fisheries ecologist from the Food and Agricultural Organization (FAO)
inventoried rivers throughout the world and identified only a dozen large
river-floodplain ecosystems in all of North America, including Canada, Alaska,
and Mexico (Figure 2, from Welcomme 1985).
Because virtually all large rivers in the world have been altered, intact
river-floodplain ecosystems are even rarer. The lower Mississippi, except for
the Atchafalaya distributary in Louisiana, has been largely isolated from its
floodplain by levees. The Upper Mississippi thus emerges as an exceedingly
Order
1
2
3
4
5
6
7
8
9
10
Number
1,570,000
350,000
80,000
18,000
4,200
950
200
41
8
1
Total
Length
(Miles)
1,570,000
810,000
420,000
220,000
116,000
61,000
30,000
14,000
6,200
1,800
River
Representative
of Each Size
Allegheny
Gila
Columbia
Mississippi
Source: Leopold et al. 1964
Table 1. Number and length of streams and rivers in the continental U.S.,
arranged according to the Strahler ordering system, where headwater streams
rank as order 1 and the Mississippi River as order 10 (Leopold et al. 1964).
Figure 2. Large river-floodplain ecosystems of North America (Welcomme 1985).
Number 10 is the Mississippi.
rare example of a river-floodplain ecosystem that retains most of its species
and natural functions.
The Mississippi is also unusual among rivers in the north temperate zone of
the world because of the number of species it harbors. For example, there are
132 species of fishes in the Upper Mississippi (Fremling et al. 1989) and 37
extant species of mussels (approximately 11 species of mussels have been lost
for a variety of reasons). In all of Europe, there are only about a dozen
species of freshwater mussels. Freshwater species in European rivers were
decimated during glacial periods, whereas the north-south orientation of the
Mississippi allowed aquatic species to retreat southwards, then recolonize
when the drainages again opened to the north. The Mississippi has conserved
representatives of ancient lineages of freshwater fishes that were alive at
the time of the dinosaurs: the bowfin, sturgeons, gars, and paddlefish. The
chestnut and silver lampreys found in the Upper Mississippi River are descend-
ants of jawless fishes that lived millions of years before the dinosaurs.
There are only two species of paddlefish in the world: one in the Mississippi
and another in the Yangtze in China. Gars are unusual and interesting because
they retain a primitive lung, which they use to survive periods of low dis-
solved oxygen in backwaters and swamps. Although much publicity has been
devoted to the plight of rare representatives of the "charismatic megafauna"
(appealing land animals such as the black-footed ferret or spectacular birds
such as the bald eagle), in terms of sheer numbers of species recently lost or
in danger of extinction, the plight of aquatic species has not received the
attention it deserves (Blockstein 1992; Cairns and Lackey 1992; Hughes and
Noss 1992; Titus 1992; Williams and Rinne 1992). According to the Nature
Conservancy (Sawhill 1992; Stolzenberg 1992) and to speakers at the recent
conference on unionid mollusks hosted by UMRCC, one in ten species of fresh-
water mussels has gone extinct in this century, and almost three-quarters of
the remaining freshwater mussels are either rare or imperiled!
WHAT SHOULD THE FUTURE BE?
The Need for a Real Environmental Management Plan
The Corps of Engineers and navigation interests are developing a 50-year (for
the years 2000-2050) plan for improving navigation on the Upper Mississippi
River and the Illinois River. The feasibility study currently (as of November
1992) recommended by the Corps would take 6 years and cost $19.574 million,
including $9.794 million for an environmental plan. The proposed environmen-
tal plan essentially will involve an assessment of the environmental impacts
of navigation capacity increases and estimation of the costs of mitigating
those impacts (U.S. Army Corps of Engineers 1992). According to the National
Research Council (1992), mitigation is "...the alleviating of any or all
detrimental effects arising from a given action (although this may not truly
occur)." The material the National Research Council (NRC) put in parentheses
is particularly important, because the Council analyzed attempts to create,
enhance, or restore wetlands and other types of aquatic ecosystems and con-
cluded (1992: page 307):
"The problems encountered during restoration include every aspect
of construction--site selection, topographic contouring, trans-
plantation, inadequate nutrient supplies for plant growth, and
pest invasion. The result is that many projects fall short of the
goal of returning ecosystems to the predisturbance condition, and
there is indeed considerable controversy over whether or not
wetlands can actually be restored. The arguments are particularly
important when wetland restoration is undertaken within the miti-
gation context, and the promise of full restoration of a degraded
site allows a natural wetland to be destroyed.... Many ecologists
believe that it is a major challenge to recreate in a short period
of time what nature has produced over centuries (Bradshaw 1988)."
The basic assumption of mitigation, that it is possible to replace or restore
all the attributes of a disturbed ecosystem, may be wrong. Mitigation, as
currently practiced, often results in net loss, because an already-existing
ecosystem is merely purchased and perhaps "enhanced", in return for altera-
tion, degradation, or destruction of another. Most of the conclusions reached
about wetlands apply to mitigation in complex river-floodplain ecosystems,
which include wetlands as major components. Also, no one has addressed the
question of ecological breakpoints: e.g., how much of the floodplain can be
altered and how far can we deviate from the natural seasonal cycle of high and
low water levels before we no longer have a river-floodplain ecosystem? A
navigation channel surrounded by a collection of preserved wetlands is not the
same as a functioning river-floodplain ecosystem.
What is needed instead of just a mitigation plan is an environmental plan that
starts from the premise of optimizing the ecological services of the Upper
Mississippi River, by preserving what is in good condition and restoring what
is not. The focus should be not merely on keeping things the same or from
getting worse, but on restoring as much of a functioning large river-flood-
plain ecosystem as possible, given the natural and social constraints identi-
fied in Figure 1. Restoration means "...returning the system to a close
approximation of the predisturbance ecosystem that is persistent and self-
sustaining (although dynamic in its composition and functioning). The more
degraded a site, the harder restoration becomes (NRC 1992:page 293)." It is
important that a real environmental management plan (as opposed to a
mitigation plan) be developed on the same schedule as the navigation
improvement plan, before any developments are implemented that would make
restoration or preservation more difficult, and more expensive, than they
already are.
Approaches to Developing an Environmental Plan
Species Approach. The environmental mitigation portion of the navigation
feasibility study identifies the significant environmental resources of the
Upper Mississippi River as: threatened and endangered species; water quality;
recreational resources; fisheries; mussels and other macroinvertebrates;
waterfowl; aquatic and terrestrial macrophytes; and historic properties.
Essentially, this is a species-oriented approach (with the exception of water
quality and historic properties); e.g., it will assess the impacts of naviga-
tion traffic on channel catfish or mallard ducks or on their habitats, and
assess the costs of providing mitigation. Mitigation will probably consist of
increasing the population density of catfish or mallards through habitat
projects to offset any decreases associated with construction or operation of
the expanded navigation system.
The trouble with this species-oriented approach is that there are so many
species, only a few of which we know very much about (Figure 3). There are
485 species of vertebrates (U.S. Army Corps of Engineers 1992) and probably
well over 1000 species of invertebrates and plants. We know most about a few
game species, such as largemouth bass and mallards, because of their value to
fishermen and hunters and the resulting interest in managing their popula-
tions. We probably know least about some of the threatened species, such as
the false decurrent aster. Moreover, there are many interactions among spe-
cies, so that one species may decline because another is not present. A good
example is the dependency of the ebony shell mussel on the skipjack herring
for dispersal and development of its young. When Dam 19 was completed on the
Upper Mississippi River at Keokuk, Iowa, it blocked the upstream migration of
skipjacks. Ebony shells disappeared from the river upstream of the dam as the
adults aged and died, and were not replaced with juveniles.
Another problem with maximizing habitat for a single highly-valued species is
that conditions may be made suboptimal for other species. For example, low
levees and pumps are used to control water levels in floodplain impoundments
for the benefit of waterfowl. However, such impoundments may cut off fish
from wintering areas or interrupt currents needed by mussels.
The guild approach is somewhat better than the single species approach.
Organisms may be grouped into guilds with similar feeding or reproductive re-
quirements. For example, it appears that species that occupy the main chan-
nels of the rivers, including some of the more uncommon and unusual species
mentioned above, may be at risk from increased boat traffic. Many of the
paddlefish in some reaches show injuries or scars that indicate they have been
struck by boat hulls and propellers. On the Illinois River, a variety of
fish-eating birds take advantage of injured or disoriented fish churned up by
the passage of tows. Gulls wait on mud bars for passing tows, which they then
follow for a mile or more, diving in the wakes. Great blue herons actually
land in the water in midchannel to pick up fish, a very unusual behavior for
birds that normally stalk their prey by wading in shallow water. It is diffi-
cult to quantify effects on fish populations of the combination of disturbance
(which may force some species out of favored main channel habitat), direct
losses due to injury, and indirect losses due to disorientation and predation.
We have picked up a few large (20-30 lb) flathead catfish that were cut in
two, but still alive in tow wakes, indicating that they had just been struck
by propellers and not struck after dying of some other cause. While losses of
a prolific species such as gizzard shad may not be critical, losses among
large, slow-growing, late-maturing species such as paddlefish and sturgeon
have probably already had some effect on their populations. Even though the
effects cannot be quantified, we can surmise that the predicted increase in
navigation will adversely affect these vulnerable species.
Ecosystem Approach. A better alternative to the species-oriented approach is
the ecosystem approach. Instead of trying to identify the requirements of all
the species (an impossible task), we focus instead on the important attributes
of the ecosystem which sustained all of these species down through time to the
present. This involves approximating the physical-chemical conditions of the
predisturbance state, subject to the natural and social limitations discussed
above. In particular, we should try to restore the natural water and sediment
regimes to the fullest extent possible. By focusing on restoring the hydrolo-
gy of the whole ecosystem, instead of maximizing conditions for a few species,
Figure 3. Representatives of game species (mallard and bass), unusual species
(paddlefish), species interactions (skipjack x ebony shell), and threatened
species (false decurrent aster) that occur..in the Upper Mississippi River.
132 SPECIES OF FISH
37 SPECIES OF MUSSELS
SKIPJACK HERRING
Alosa chrysochloris
EBONY SHELL
Fusconaia ebena
FALSE DECURRENT ASTER
Boltonia asteroides decurrens
Polyodon spathula
LARGEMOUTH BASS
Micropterus salmoides
MALLARD
Anas platyrhynchos platyrhynchos
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interest groups should be able to work together, instead of fragmenting
into duck hunters, fishermen, and preservationists. In fact, this ecosystem
approach has worked well in the case of the Kissimmee River restoration in
Florida, which has moved beyond successful pilot projects to a plan for full-
scale restoration of a 50-mile river-floodplain ecosystem that had been
drained and leveed for agriculture, channelized for flood control, and
equipped with a series of locks and dams for recreational craft (Loftin et al.
1990; House Document 102-286; Berger 1992).
What was the Natural Water Regime?
Although it might seem impossible at first to know what the predisturbance
water regime was, there are gaging stations on the Upper Mississippi River
with daily water level records extending back well over 100 years, prior to
the navigation dams for the 9-foot channel and prior to much of the draining
and leveeing of the floodplains (Grubaugh and Anderson 1989)
The predam water regime was characterized by a major flood in the spring, low
water levels in midsummer-early fall, and a little flood in late fall (Figure
4). Each phase of this seasonal cycle was important. The spring flood pro-
vided access to spawning and nursery sites for fish on the floodplain and in
the expanded backwaters. The newly-flooded soils released a pulse of
nutrients that stimulated plankton blooms, usually in time to provide food for
juvenile fish. In summer, the low water levels allowed moist soil plants to
grow on exposed mudflats and allowed the soils to drain, compact, and become
aerated. Submersed aquatic plants grew in permanent floodplain lakes and
backwaters. As floodplain lakes dried and contracted during the summer,
herons and egrets found easy access to a concentrated supply of fish and other
aquatic organisms to feed their nestlings in nearby rookeries. The fall flood
provided access to the summer's production of seeds and tubers for the migra-
tory waterfowl. The dabbling ducks, in particular, like to feed in shallow
water. If there were no fall flood, the early migrants would quickly exhaust
the supply of food in the shallow littoral zone. The fall rise provides
access to previously ungrazed zones for late migrants. In fact, waterfowl
managers recreate this fall flood today, using pumps and low levees if neces-
sary. It was probably fortunate that the spring rise was usually greater than
the fall rise, because the migrants then had access to food on their return
journey that was not accessible during the fall migration.
What is the Water Regime Now?
Today, the navigation dams do not allow water levels to drop as low as they
once did, and the dams are operated in such a way that the fall flood is lost
in portions of the navigation pools (Figure 4). Human effort and energy (in
the form of electricity or fuel for pumps) must now be used to create minia-
ture summer drawdowns and fall floods. Although permanent inundation of the
floodplain by the navigation dams initially increased the amount of permanent
aquatic habitat and populations of some fishes, it probably set in motion
factors that will ultimately lead to a net loss of biological productivity.
These include loss of annual compaction and aeration of the soil during summer
drawdown and an increase in the water surface available for the generation of
wind-driven waves. Watery, dispersed soils are subject to resuspension by
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Figure 4. Mean daily water-elevations. Predam vs. postdam.
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waves, leading to unstable bottoms, increased sediment resuspension, and
reduction of aquatic vegetation due to reduced light penetration. Another
factor is the shortening of the floodpulse compared to the predam era (Figure
4), which may have increased the risk of stranding fish eggs and larvae,
because water levels drop too soon, or the risk of prematurely flushing eggs
and larvae out of nursery areas, because water levels drop too fast.
In some of the navigation pools the floodpulse is not merely shortened, it is
reversed (Sparks 1992 a and b; Figure 5)! Just when aquatic organisms "ex-
pect" to have access to the floodplain, the floodplain is exposed and back-
waters are drawn down. When the floodplain should be exposed for the summer
growing season, the water levels rise (Figure 5). This inversion occurs
because of the way some of the dams are operated, particularly those with a
control point at mid-pool (Figure 5). When water levels at the mid-pool gage
start to rise, gates at the downstream dam are opened to pass more water and
maintain the level at the gage. The water surface in the pool in the reach
between the gage and the dam thus tilts downward, while the upstream portion
of the pool experiences a normal rise (Figure 5). Modification of the dams
and dam operating procedures is just one of the approaches that should be
considered in the context of an ecosystem-oriented plan to restore the Upper
Mississippi River.
Other Elements of an Environmental Management Plan
A river-floodplain ecosystem not only requires a flood, it also requires a
floodplain. An analysis should be done of the costs and benefits of buying
out levee districts and breaching the levees. Aside from the benefits to fish
and wildlife from restoring access to the floodplain, flood damage would be
reduced and sedimentation rates might be lessened. Flood heights and damage
would be reduced because the broad river-floodplain system would have a great-
er flood conveyance capacity than the present constricted channel and there
would be no risk of catastrophic levee failure during a record flood because
there would be no levee. Sedimentation rates might be reduced because the
same sediment load would be spread over a much larger area. At a time when we
are paying farmers not to grow crops, it makes little sense to expend public
funds maintaining agriculture in floodplains. At the very least, floodplain
farming should be conducted in a sustainable way that allows the flood to
nourish the soil through annual nutrient deposition and to maintain the eleva-
tion of the floodplain through sediment deposition. This was the type of
agriculture practiced in the earliest civilizations along the Nile in Egypt
and the Tigris and Euphrates rivers in Mesopotamia (now Iran and Iraq) and is
the practice now in some tropical countries and in some places in England
(Seebohm 1952; Welcomme 1985; Whitlock 1965).
Changes in the water and sediment regimes of large rivers result not only from
alterations within the river-floodplain system itself, but also from changes
in the watershed and tributaries. Restoration of riparian zones and wetlands
along tributaries, dechannelization of tributaries, and improved soil erosion
control on upland farms all need to be accelerated. The greatest improvement
per dollar could be achieved by targeting the subbasins and tributaries that
yield the largest amounts of sediment to the main river. Priority should be
given to stream banks and riparian zones, where the soil erodes directly into
the stream rather than being deposited at the end of a field.
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Figure 5. Top left: at low flows gates in the dams are nearly closed and the
water surface is relatively flat. The floodplain is exposed at the upstream
end and inundated at the downstream end. Top right: at high flows, the
gates are opened, so the water surface tilts toward the downstream end,
exposing the floodplain. Bottom: the net result is demonstrated by water
level fluctuations in 1991 in Pool 26. The pattern at the upstream end is a
typical natural floodpulse. The pattern 40 miles downstream is essentially
reversed. Source: the St. Louis District of the U.S. Army Corps of Engineers
and the West Alton Long-Term Resource Monitoring (LTRM) Station.
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Assuming that the environmental management program of the future is successful
in restoring the floodplain and the floodpulse, and improvements in water
quality continue under the Clean Water Act, a remaining problem will be acci-
dental spills. The gains made through years of improvements in habitats and
populations can be wiped out by a single, brief spill. Improvements should be
made in handling, storing, and transporting cargo that is hazardous to the
ecosystem. Such improvements should include double-hull barges for especially
hazardous materials and automatic shutoff devices for liquid handling.
In addition, continuous biological monitoring systems should be installed in
industries with potentially harmful wastes, in ports that handle hazardous
materials, and at intervals along the river to detect any flushes of harmful
material that elude the other monitoring stations. The biological monitoring
systems would detect previously unsuspected toxicants, unusual synergisms, or
marginal environmental conditions that would go undetected by conventional
chemical monitoring. Automated biological monitoring systems have been around
for 20 years, and several types are now available off the shelf (Cairns,
Sparks and Waller 1973; Cairns et al. 1973; Gruber and Diamond 1988; Delta
Consult 1992; Jenner, de Zwart and Kramer No Date). They are cheap in com-
parison to what frequent chemical analysis of water samples would cost. The
continuous biological monitoring systems should be part of an integrated
program to prevent, detect, and contain spills. In-plant systems would pro-
vide early warning of developing toxicity, in time to shunt waste into holding
ponds and take corrective action. Warnings from in-harbor systems would
trigger containment efforts. The last line of environmental defense would be
the in-river systems: a warning here could trigger an emergency response team
that would try to identify the contaminant and keep it out of critical habi-
tats and municipal water intakes. The monitoring data would also be useful in
levying damage assessments against the responsible parties. Assessments
should be used to restore the resource to its predamaged condition and to
compensate the users or trustees of the resource for the values forgone until
the restoration becomes effective (National Research Council 1992). Assess-
ments could be paid into a National Aquatic Ecosystem Restoration Trust Fund,
described below.
Financing an Environmental Management Program
Many of the programs mentioned above will actually save money. Restoration of
the floodpulse and the floodplain will reduce costly flood damage, as de-
scribed above, and is consistent with national agricultural policies that
reduce the amount of land in production. The historical problem in American
agriculture has been overproduction, leading to excessively low prices, agri-
cultural depressions, and the need for expensive government price supports and
government incentives to reduce production. The costs of buying out levee
districts and restoring floodplain wetlands could be funded through transfer
of U. S. Department of Agriculture subsidies that might otherwise apply to
these croplands. Restoration of riparian zones and wetlands along tributaries
could be financed by a similar transfer.
Ways should be found for the downstream beneficiaries of upstream reductions
in sediment loading to help finance the tributary restorations. For example,
a portion of existing taxes on marine fuel might go to projects that reduce
the frequency of dredging on the main river. Such projects might include
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leasing and revegetation of riparian zones, dechannelization of tributaries,
and restoration of wetlands along tributaries and at tributary junctions with
the main river.
States or regions should be given the option of trading in existing and pro-
posed water projects, including levee-raising projects, federally-subsidized
hydropower projects, and navigation projects, to finance ecosystem restoration
projects instead, including floodplain restoration. These and many other
suggestions for financing, including land and water markets, trading of pollu-
tion credits, and a National Aquatic Ecosystem Restoration Trust Fund, are
described in more detail in Chapter 8 of the book, Restoration of Aquatic
Ecosystems: Science, Technology, and Public Policy (National Research Council
1992), which is recommended for further reading.
HOW DO WE GET FROM HERE TO THE DESIRED FUTURE?
One way of determining how to get from where we are now to where we want to be
in the future is to see what worked in the past. The most significant past
event in the conservation history of the Upper Mississippi River was the
establishment of the Upper Mississippi River Wildlife and Fish Refuge on 7
June 1924. The Refuge was established because Will Dilg and the organization
he helped found, the Izaak Walton League, mobilized public opinion, assembled
scientific information, and lobbied Congress for the preservation and conser-
vation of a resource that was threatened by drainage, development, and pollu-
tion. How did they do it?
The historian, Philip Scarpino (1985) writes, "The League owed much of its
success to the fact that it validated and gave focus to attitudes that had
already begun to take shape." The Izaak Walton League grew from 54 members,
mostly from Illinois, in 1922, to 100,000 members from all over the United
States by 1924, partly because people recognized the establishment of the
Refuge as an issue of national significance. I think the time is ripe for a
change of similar magnitude (to that in 1924) in the way we perceive and
manage the Upper Mississippi River. The public is already concerned about
issues such as environmental restoration, sustainable vs. non-sustainable
economic and agricultural development, and preservation of biodiversity. We
need to focus some of that concern on the Upper Mississippi River and specifi-
cally on developing and implementing an environmental plan for conserving and
restoring the river well into the 21st century.
Another factor in The League's success is that it made effective use of the
best scientific information that was available, including testimony of expert
witnesses at the February 1924 hearings on the Refuge proposal before the
House Committee on Agriculture. There were representatives from the Ecologi-
cal Society of America, the U.S. Bureau of Biological Survey, U.S. Bureau of
Fisheries, the soil section of the Iowa Experiment Station, the University of
Iowa, Iowa College, the Illinois Soil Survey, the Illinois and Minnesota state
departments of forestry, and the Massachusetts Fish and Game Protective Asso-
ciation (Scarpino 1985). The value of the Upper Mississippi River-Floodplain
Ecosystem has been reiterated recently by the National Academy of Science
(National Research Council 1992) and by Congress, in Section 1103 of the Water
Resources Development Act of 1986, which recognized the Upper Mississippi as a
unique, nationally significant ecosystem.
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A 50-year environmental plan for the river would: (1) mobilize and focus
public opinion, (2) offer an alternative vision to the 50-year navigation
plan, so that environmental advocacy can be positive and anticipatory, instead
of negative and reactionary, (3) focus on net gain (restoration) instead of no
net loss of one of the rarest and most productive types of ecosystems on
earth, and (4) draw a lesson from the Illinois River, where unexpected ecolog-
ical breakpoints occurred that caused conditions to turn out much worse than
predicted. These breakpoints on the Illinois caused rapid deterioration to a
stable, degraded condition with loss of ecological services, including recrea-
tional uses and maintenance of species diversity. We should not put the Upper
Mississippi River at similar risk; one experiment should be enough. There are
alternatives to barge transport and alternatives to floodplain devel-
opment--there is but one Mississippi River.
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